Our team at Los Alamos National Laboratory has successfully employed Compton spectrometers to measure the X-ray spectra of both continuous and flash radiographic sources. In this method, a collimated beam of X-rays incident on a converter foil ejects Compton electrons. A collimator may be inserted into the entrance of the spectrometer to narrow the angular acceptance of the forward-scattered electrons, which then enter the magnetic field region of the spectrometer. The position of the electrons at the magnet's focal plane is proportional to the square root of their momentum, allowing the X-ray spectrum to be reconstructed. A new samarium-cobalt spectrometer with an energy range of 50 keV to 4 MeV has been fielded at two facilities. The X-ray generating machines produced intense photon beams (> 4 rad at 1 m) with spectral endpoints below 3 MeV. Recent experimental results will be presented.
INTRODUCTION
In 2013, a half-quadrupole, permanent magnet spectrometer 1,2,3 was repurposed and refurbished at Los Alamos National Laboratory (LANL) to conduct spectral measurements. This neodymium-iron-boron magnet was successfully fielded at multiple continuous and flash radiographic machines that produce photons up to 20 MeV in energy at doses ranging from 10's to 1000's rad at 1 m. A summary of preliminary spectral data previously published in these proceedings is as follows: ScandTronix Microtron 4,5 at LANL (a continuous bremsstrahlung source with variable endpoint energies), the Radiographic Integrated Test Stand 6 (RITS-6) 6 at Sandia National Laboratory, the Dual Axis Radiographic Hydrodynamic Test (DARHT) Facility 6 at LANL, and the 44 MeV electron linac 7 at the Idaho Accelerator Facility.
A smaller samarium cobalt magnet with an energy range of ~0.1 to 4 MeV was designed and fabricated in 2014 to complement the measurements of the larger magnet. A photograph of the magnet is shown in Figure 1 . This paper summarizes the measurements with this spectrometer, and is a first release of the electron and photon spectra collected with it. The final analysis of the data will be the subject of future communications. A weak 207-Bi source was first placed in the new spectrometer to provide a preliminary calibration. The device was then fielded at the Mercury Facility at the Naval Research Laboratory (NRL), and the Cygnus Dual Beam Radiographic Facility (hereafter referred to as "Cygnus") at the Nevada National Security Site (NNSS).
METHODOLOGY
The spectrometers measure the momentum of Compton electrons ejected from a thin converter foil by an incident beam of narrowly collimated photons from the radiographic source. The position of the electrons at the magnet's focal plane is proportional to the square root of their momentum. A schematic of this process is shown on the left in Figure 1 . The size and field gradient of the magnets determine the momentum range of the spectrometers; although both magnetic focal planes are about 25 cm in length, the higher energy spectrometer has a field gradient of 632 G/cm and the lower energy spectrometer's gradient is 118 G/cm. The electrons are detected as a function of position at the focal plane with an image plate(s). Once the spatial distribution of the electrons is determined, the photon spectrum is determined from a mathematical model of the spectrometer. 
207-BISMUTH SOURCE PRELIMINARY CALIBRATION
A 10 µCi bismuth-207 source was placed into the opening of the small spectrometer for 24 hours. The 56, 482, 554, 976, and 1048 keV lines 8 are visible in the image plate (IP) scan shown in Figure 2 . A lineout was taken to determine the peak locations of the known lines, and the preliminary energy calibration is shown in Figure 3 . The cause of the doublepeaked line at 56 keV is unknown. 
CONTINUOUS SOURCE: LINATRON
The Linatron M6 (Varex Imaging 9 ) produces continuous bremsstrahlung radiation with an endpoint of 3.5 MeV and a dose rate of 2.5 Gy/min at 1 m. The converter foil was placed 1.65 m from the source near the opening of the spectrometer, and a sweeper magnet was placed before the converter foil to remove unwanted Compton electrons ejected from the vacuum barrier. Three stacked image plates were placed along the focal plane. The electron distributions from a set of plates are shown in Figure 4 . As expected, fewer electrons penetrate the top IP(s), resulting in the visible attenuation of signal at the low energy part of the spectra. Measurements were taken with both 1 mm aluminum and 1 mm beryllium converter foils. A comparison of the electron distributions from the front image plates for the Al and Be foils is also shown in Figure 4 . Neither spectrum extends to the expected energy endpoint of 3.5 MeV. However, the spectra are not dose normalized, and the "dips" in the data may be due to IP defects. Analysis of the data is ongoing, and future analysis will include these factors. 
FLASH SOURCES: MERCURY AND CYGNUS

Electron distribution measurement at Mercury at NRL
The Mercury radiographic machine at NRL 10 has been modified to have a "Cygnus-like" energy endpoint of about 2.2 MeV. Its pulse length and dose in this low-energy, rod-pinch configuration are 50 ns and ~4 rad at 1 m, respectively, and are within the normal operating range of the Cygnus machines.
A photograph of the experimental setup is shown in Figure 5 . In this setup, the converter foil (1 mm Al) was also the vacuum barrier, and it was located about 85 cm downstream from the source. Due to the high background, or "room shine," the spectrometer was enclosed in four layers of 1/8" lead sheet shielding, also shown in Figure 5 . The uncorrected electron distribution shown in Figure 6 is a background-subtracted average of two shots. The backgrounds were taken by placing a sweeper magnet between the converter foil and spectrometer to deflect the electrons from the entrance of the magnet. The electron distribution is compared to the distribution from Cygnus step wedge data. The low energy peak is visible yet heavily attenuated compared to the step wedge spectra. Once the Mercury data is corrected for converter foil thickness, vacuum barriers, and other factors that disproportionately affect the low energy electrons, the photon spectra will likely exhibit greater agreement. Electron's distribution dN e /dx normalized cygnus 2.5MeV Figure 6 . The uncorrected, background-subtracted Mercury electron spectra (blue) compared to Cygnus step wedge data (orange line). 
Cygnus Averaged Shots
Photon spectral measurement at Cygnus at NNSS
The spectrometer was fielded in the zero room at the Cygnus facility 11 with the converter foil in the downstream position (near the opening of the spectrometer where the red tube is attached to the vacuum can) 1.2 m from the source. A photograph is shown in Figure 7 . Background shots were taken by removing the converter foil. A sample single-shot, background-subtracted electron spectrum is shown in Figure 8 . An average photon spectrum of all shots compared to a model produced from step wedge data is also shown in Figure 8 . The error bars increase with energy due to the higher signal-to-noise level, and the endpoint energy is not apparent. In the future, the spectrometer will be placed directly in front of the Cygnus machines, which will greatly increase the flux and signal levels. 
